OBJECTIVES: Free jejunal transfer (FJT) has been preferentially used for pharyngo-oesophageal reconstruction. The success of FJT typically depends on the security of the vascular anastomoses. Arterial anastomosis is usually performed in an end-to-end fashion, with the exception of cases lacking an adequate donor artery due to radiation therapy or infection. At our institution, end-to-side arterial anastomosis to the common carotid artery has been successfully used in FJT for both primary and secondary cervical pharyngooesophageal reconstruction.
INTRODUCTION
Oral feeding is very important for retaining quality of life, but is sometimes impossible without surgical management. In cases of oesophageal injury by a chemical agent, extensive pharyngeal cancer or cervical oesophageal cancer, or failure of previous oesophageal operations, reconstruction of the oesophagus is required for maintenance of oral feeding. Reconstruction of the cervical oesophagus and the pharynx is challenging even for experienced surgeons, especially in situations of secondary reconstruction. Since the first description by Seidenberg et al. in 1959 , free jejunal transfer (FJT) has been performed worldwide with acceptable outcomes [1] [2] [3] . The success of FJT primarily depends on the security of the vascular anastomosis [4] [5] [6] . Arterial anastomosis is typically performed in an end-to-end manner using a microsurgical technique. Common recipient arteries include the superior thyroid artery, the superficial cervical artery, the facial artery or the thoracoacromial artery [7, 8] . In patients with previous radiation therapy, however, these small-diameter vessels are sometimes injured and are consequently not appropriate recipient arteries for grafts [8, 9] . However, large vessels, such as the common carotid artery or the external carotid artery, can be used as secure and reliable recipient arteries even in patients with previous radiation therapy or infection [9] . It is also technically easier to perform vascular anastomoses using these large vessels, and these procedures can be performed even without the aid of a microscope.
We performed end-to-side anastomoses in FJTs using the common carotid artery as the recipient artery without microscope assistance at Samsung Medical Center. The aim of our study was to analyse the outcomes of the end-to-side arterial anastomosis technique in primary and secondary pharyngo-oesophageal reconstruction using FJT.
MATERIALS AND METHODS
Between April 1995 and January 2010, 39 patients underwent FJT for oesophageal or pharyngo-oesophageal reconstruction at Samsung Medical Center. Indications for surgery included hypopharyngeal or cervical oesophageal cancer, injury by chemical agents or the failure of previous pharyngo-oesophageal or oesophageal reconstruction surgeries. Medical records were retrospectively reviewed and analysed for demographics, operative data and the follow-up data. Successful FJT was defined as uneventful discharge without any evidence of graft failure or leakage, no sign of obstruction or difficulty in passing a semisolid diet and no complications with regard to the abdominal phase of the surgery. All patients had preoperative physical examinations, laboratory tests and imaging such as chest X-ray, endoscopy, oesophagography or computed tomography (CT). Positron emission tomography-computed tomography (PET-CT) was included for cancer patients.
Operative procedures
All surgeries were performed under general anesthesia. Low collar neck incision or one-side (left or right) oblique neck incision along the anterior border of the sternocleidomastoid muscle was used for cervical esophagectomy or pharyngoesophagectomy. After resection of the diseased tissue, the appropriate FJT length was estimated. The abdominal cavity was opened through an upper midline laparotomy. The appropriate jejunal segment was selected by a transillumination technique, as shown in Fig. 1 . Careful mesenteric resection was performed, and the mesenteric artery and vein were carefully dissected. The vessel was usually the second or third jejunal branch from the treitz ligament. The proximal part of the artery and vein were ligated with a black silk suture. A sufficient jejunal segment length was then carefully resected using a thick tissue linear stapler. After resection of the graft, heparinized saline was injected into the mesenteric artery, which in turn drained into the mesenteric veins. Next, a papaverin solution was injected into the mesenteric artery in order to dilate the vessel, followed by injection of heparinized saline. The common carotid artery and internal jugular vein were subsequently identified for the vascular anastomoses. After completion of anastomosis of the free jejunal graft with the proximal and distal gut, a vascular clamp was placed on the common carotid artery and a puncher was used to make a hole in the vessel for arterial anastomosis. Sometimes a shunt was needed to prevent a cerebrovascular event. The mesenteric artery of the free jejunal graft was anastomosed to the common carotid artery with Prolene 7-0 or 8-0 in an end-to-side fashion. In the same way, the internal jugular vein was side-clamped, and a hole was made using a pots scissor. The mesenteric vein was then anastomosed to the internal jugular vein with Prolene 7-0 or 8-0. After vascular anastomosis, the colour and peristaltic activity of the graft were carefully inspected. Fig. 2 shows an operation field picture and schematic view after finishing the anastomosis. If the diameter of the mesenteric vein appeared to be insufficient for adequate venous drainage, we used a duplex flow meter to intraoperatively assess the exact venous flow.
All patients were carefully managed postoperatively in the intensive care unit for 2-5 days. Oesophagography was performed on postoperative day 7 to evaluate the integrity of the anastomotic site. After discharge, all patients received the regular follow-up care on an outpatient basis.
RESULTS
A total of 41 FJTs were performed, each with one artery and one vein anastomosis. Patient characteristics are given in Table 1 . We performed FJT for eight benign cases, such as injury from corrosive agents or foreign bodies. Most (7 out of 8) were secondary operations after failure of primary reconstruction in another hospital, as given in Table 2 .
Thirty-one of 41 patients underwent FJT because of malignancies. Among these, 12 patients had surgery due to recurrent cancer. Nine of the 31 patients had double primary cancer such as pyriform sinus cancer or oesophageal cancer. Thirty of the 31 patients had head and neck cancer such as pyriform sinus cancer, laryngeal cancer, hypopharyngeal cancer or oropharyngeal cancer. Twenty-two of the 30 cases of head and neck neoplasms were found to be hypopharyngeal cancer. Half of these (15 cases) had received radiation therapy preoperatively.
In 39 of the 41 cases, the mesenteric artery of the graft was anastomosed to the common carotid artery in an end-to-side manner, while the mesenteric artery was anastomosed to the innominate artery in an end-to-side manner in 2 of the 41 cases. In 36 of the 41 cases, the mesenteric vein of the graft was anastomosed to the internal jugular vein in an end-to-side manner and to the innominate vein in end-to-side manner in 2 cases. Additionally, the mesenteric vein was anastomosed to the external jugular vein in an end-to-end manner in 3 cases. The anastomoses of the mesenteric vessels used in the FJT are summarized in Table 3 .
The success rate of the FJT was 90.2% (37 of 41). Four patients required reoperative reconstruction within 1 month due to graft failure as given in Table 4 . Causes of graft failure were venous thrombosis (3 cases) and arterial rupture due to infection (1 case). Among the 4 graft failure cases, 2 patients underwent redo FJT surgery. The other 2 patients underwent gastric pull-up surgery after takedown of the graft. Other complications included 6 wound infections, including 1 abdominal wound dehiscence, 6 postoperative bleeds (all from neck sites, not from graft feeding vessels but oozing in the dissected tissues after cancer surgery) and 1 chyle leak. There were no cerebrovascular complications.
DISCUSSION
As with other pedicled graft transfers, the success of the FJT primarily depends on a secure vascular anastomosis and the patency of the graft vessels [4] [5] [6] . In 1950, Seidenberg and Hurwitt [10] conducted various experiments using small vascular anastomoses. One study examined FJT in dogs, using the superior thyroid artery and the anterior facial vein for end-to-end vascular anastomoses [1] . After successfully performing this operation in dogs, the procedure was carried out in 1957 on a 63-year old man with recurrent squamous cell carcinoma of the cervical oesophagus. Roberts and Douglass [11] also successfully performed this procedure in 1961. Since then, FJT has been used preferentially for pharyngo-oesophageal reconstruction due to its relatively low complication rates and reduced morbidity [2, 3] . In graft arterial anastomoses, the recipient vessels used are variable. In most FJT cases, small-diameter branched arteries were used as recipient vessels in an end-to-end rather than end-to-side approach according to the published literature [1, 6, 7, 12, 13] . Few studies have focussed on outcomes using [8, 14, 15] . Numajiri et al. anastomosed two small branch arteries to the jejunal free graft in order to improve graft survival, indicating that single small branch arterial anastomosis does not necessarily provide sufficient blood flow to the graft. In 2011, Muller et al. [9] reported that FJT using the relatively larger carotid artery as the recipient vessel was beneficial after neoadjuvant radiotherapy due to damage to the small vessels. In our study, all arterial anastomoses in the 41 FJTs were conducted in an end-to-side fashion without the assistance of a microscope. There were four graft failures; however, none of these were caused by the arterial anastomosis. In the graft failure caused by arterial rupture resulting from infection, the patient underwent successful redo FJT. The remaining three graft failures were caused by venous thrombosis of the grafts. Two of these patients underwent takedown of the graft and gastric pull-up surgery. The third patient underwent redo FJT. Most of the patients included in this study were complicated cases. Seven of 8 cases (87.5%) required secondary reconstruction due to benign causes. In malignant cancer cases, 15 of 31 cases had received preoperative radiation therapy due to an advanced stage of head and neck cancer. Eight of the 31 cases were recurrent cancer cases. Three of the 31 cases were performed with salvage intent, meaning that the patient wanted to eat prior to dying, and did not have expectations of being completely cured. In this situation, reoperation should be avoided because these patients have a very short life expectancy. Thus, in such situations, using more reliable vessels such as the common carotid artery or the internal jugular vein would be greatly beneficial. In spite of worries about increasing risk of cerebrovascular events after using larger carotid vessels, there were no such events in our study.
The limitation of our study is that the disease entity was not uniform. Eight patients had benign disease, and the remaining patients suffered from malignant disease. Most of the patients in the disease group are still alive. However, most of the cancer patients showed early mortality because of the progression of cancer. We focussed on the short-term outcome due to this limitation.
Our results suggest that arterial anastomosis performed in an end-to-side manner in FJT using the common carotid artery as the recipient vessel is a safe and feasible surgical procedure. Cerebrovascular evaluation before the use of the common carotid artery is essential in order to prevent postoperative cerebrovascular complications. FJT performed by an experienced surgeon using the common carotid artery for adequate blood flow improved graft survival in selected patients; this was shown to be especially true in the cases of preoperative radiation therapy, secondary reconstruction or salvage operation. Graft failure occurred in 4 patients due to venous thrombosis (3 cases) and arterial rupture due to infection (1 case). Two of the graft failures underwent redo FJT. The remaining 2 patients underwent gastric pull-up surgery after take down of the graft. All 41 arterial anastomoses were done in an end-to-side manner, and 38 of 41 venous anastomoses were done in an end-to-side manner. In 3 of the 41 cases, venous anastomoses were done in an end-to-end fashion.
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